release process itself appears to be well preserved against hypoxia as compared with the uptake process.
Hypoxia reduced both the acetylation and the uptake of [3H]choline in slices preliminarily incubated with 3 mM or 25 mM K+ medium.
Stimulation-induced
Cat+-influx was slightly suppressed and was 78.1% of the control values even after 40 min exposure to hypoxia. The Cat+-dependent neurotransmitter release process itself appears to be well preserved against hypoxia as compared with the uptake process.
Our findings imply that hypoxia could result in differential alterations of neural activity depending on the specific sensitivity of the presynaptic process of neurotransmission. biochemical studies of neurotransmitters in the hypoxic brain in vivo are limited by the complexity of the central nervous system. An approximation of in vivo hypoxia was studied using synaptosomes, brain slices and peripheral tissue strips. Gibson and Peterson (7) reported that hypoxia reduces the Ca2+ dependent ACh release, in parallel with the synaptosomal Ca2+ uptake (8) . On the other hand, hypoxia induced an increased spon taneous release of ACh from brain syn aptosomes (9) . The mechanisms involved in the selective sensitivity of the cholinergic nerve system to low oxygen and the link between the hypoxia-induced alterations in transmitter release and the intracellular free Ca2+ remained unclear. We have reported that the uptake and acetylation of choline in newborn guinea pig brains are low, and the sensitivities to hypoxia differ with the brain region (10) . In the present paper, in attempts at elucidation of the pathophysiological mechanisms of brain damage in the presence of hypoxia, we examined the effect of low oxygen on release of or 95% N2 5% C02 (hypoxic medium: about 30 mmHg). When tissues were perfused with the hypoxic medium, oxidative metabolism was measured by pyridine nucleotide fluorescence (1) and evoked field potentials in slices measured by the method of Misgeld et al. (11 ) . Oxidative metabolism was impaired in parallel with the decrease in 02 tension, and amplitudes of the negative field potentials (N-2) were abolished within 5-10 min (data not shown). For the hypoxic preparation, we maintained the 02 tension to 30 mmHg in all hypoxic experiments. In some experiments, Ca2+-free medium was prepared. The composition of this "Ca2+-free medium" was as above except: 0 mM CaC12, 122 mM NaCI and 10-4 M EGTA.
[ (10) . Recovered radioactive compounds on dried paper strips were extracted with 0.5 ml of ethanol, and the radioactivity measured in a toluene base scintillator, using a liquid scintillation spectrometer.
[3H] DA uptake: Striatal slices were pre incubated for 15 min at 37°C in 50 ml of control or hypoxic medium bubbling with 95% 02 5% C02 or 95% N2 5% C02, re spectively. For kinetic determination, the slices were incubated in 5 ml of each medium containing [3H] DA (0.1 to 2 ,uM) for 10 min at 37°C. After incubation, tissues were washed with 50 ml of fresh medium twice every 10 min at 0°C and then dissolved by sonication in 0.5 ml of sodium laurylsulfate (10%). The total radioactivity in the tissues was measured by a liquid scintillation spectro meter. The samples incubated at 0°C served as blanks to the 37 °C samples.
Uptake and acetylation of[ 3H]choline: In order to activate the high affinity choline uptake, the 25 mM K+ medium (K+ replacing Na+ isoosmotically) was used. Striatal slices were preliminarily incubated for 15 min at 37'C in 50 ml of control (3 mM K+ or 25 mM K+) or hypoxic (3 mM K+ or 25 mM K+) medium. For kinetic determination, tissues were rinsed twice within 1 min with 5 ml control or hypoxic medium and then incubated for 5 min in 10 ml control or hypoxic medium containing[ 3H]choline (0.1 to 10 tiM). The low volume of the slices was used to minimize the concentration of endogenous choline in the incubation medium. The total radioactivity in the tissues was measured.
Acetylation Calcium influx: Using the method of Tsien et al. (14) , slices were loaded by incubation with 1 mM quin2/AM and 0.5% DMSO (v/v) in control medium without CaCI2, at 37°C for 1 hr and washed 3 times with the control medium. The preparation was impaled with a pair of parallel platinum electrodes (0.1 mm in diameter; distance, 2.5 mm; length, 3 mm) and then mounted vertically in the cuvette in 1 ml of control or hypoxic medium and perfused at a constant flow rate of 3.5 ml/min at 37'C, and the fluorescence of the quin2 Ca complex was recorded using an Aminco Bowman spectrophotometer setting with 339 nm excitation, 2 mm slits and 492 nm emission, 3 mm slits. (Fig. 1 A) and current, 0.1 to 2 mA, (Fig. 1 B) of the electrical stimulation. As shown in Fig. 1 B, (Fig. 2) . Under the hypoxic con dition, the stimulated release was also increased (Fig. 2) so that the evoked release of [3H] DA was not significantly changed (Fig. 3A) . As shown in Fig. 4A , the presence of 10-6 M of benztropine (about twice as much as the IC50 value), a specific DA uptake blocker (15) , in the superfusion medium led to an increase in the evoked release of [3H] DA to 118% of the control 15 min later and more than 140% after 40 min, without apparent change in the spon taneous release, while spontaneous release was increased to about twice the control values by 10-5 M benztropine, which is reported to induce a true releasing effect at that concentration (16) . (Fig.  1A) , and current, 0.1 to 2 mA (Fig. 1 C) 
Effect of hypoxia on uptake of [3H] DA:
The high affinity uptake of DA and choline are well-known to be energy-dependent.
To ascertain the possible involvement of the uptake suppression by hypoxia to the trans mitter release, we determined the effect of hypoxia on uptake of DA and choline in the following experiments.
Accumulation (Table 1 ) . Hypoxia had no effect on the uptake in slices incubated with more than 20 i M [3H]choline (data not shown). As shown in Fig. 5 Slices were preincubated as described in Table 1 and then incubated with the control or hypoxic medium in the presence of [3H]choline (2X10-7 M). After the slices were washed with each medium, tritium was extracted in formic acid/acetone with homogenization.
The extract was then separated into [3H]ACh and [3H]choline by electrophoresis. Each value was the mean+S.E. of 6 determinations.
Significantly different from the control 3 mM K+ values, *P<0.001 ; from control 25 mM K+ values, %P<0.001. Total tritium ( ), [3H]ACh ( -).
As shown in Fig. 6A , electrical stimulation produced a transient increase in the fluorescence signal of the quin2-Ca complex repeatedly. This increase was abolished by the Ca2+-free medium, by the TTX (10-7 M) containing medium and by the Co2+ medium. A Ca2+-sensitive increase in the fluorescence was also induced by adding 1 ,eM A231 87, a Ca2+-ionophore (Fig.  6B) . From these findings, the increase in the intensity of fluorescence was mainly due to the increment in intracellular Ca2+ due to the increase in the Ca 2+-influx. The electrically stimulated Ca2+ influx was gradually decreased when the slices were perfused with the hypoxic medium and was reduced to 78.1% of the control value after 40 min exposure to a hypoxic condition (Table 2) . Fig. 6 . Typical pattern of effect of Ca 2+-free, tetrodotoxin (10-7 M) and Co2+ medium on the stimulated Cat+-influx into striatal slices. Slices were loaded with quin2 by incubation with control medium containing 1 mM quin2/AM and 0.5% DMSO without CaC12 for 1 hr. After the tissue was washed with the control medium, the quin2-Ca complex fluorescence was measured at 339 nm excitation and 492 nm emission.
Horizontal bar indicates that A, electrical stimulation was performed with 4 mA, 2 Hz, 3 msec, for 8 sec and B, slice was perfused with A23187 (10-6 M) containing medium. Recordings under Ca 2+-free, tetrodotoxin and Co2+ medium were made at 15 min after start of perfusion of each medium. (23) . The other mechanism is the non-competitive inhibition which decreases Vmax and Km values such as that of DA uptake induced by high K+ or veratridine (21) . The preliminary incubation of slices under depolarizing con ditions resulted in activation of high affinity choline uptake, with an increase in the Vmax value (the activated uptake), which is in good agreement with studies of other authors (24, 25) . As was seen in the case of the non activated choline uptake, hypoxia reduced the Vmax value of the activated choline uptake without any change in the Km value. The uptake of [3H]DA and [3H]choline seems to be inhibited in case of hypoxia, in a non-competitive manner and with no alteration of Km values, as was seen with low Na+, low K+ and ouabain. The changes in the Vmax value could be due to a change in the number of transport sites or a change in the turnover rate of transport.
These findings suggest that the inhibition of DA or choline uptake is due to an inhibition of the Na+ and energy-dependent uptake mechanism in duced by the blocking of Na+-K+ ATPase rather than to that induced by membrane depolarization.
ACh synthesis was significantly increased when the high affinity uptake process was activated. This is in good agreement with studies of other authors (26, 27) . Hypoxia decreased the rate of synthesis and the amount of choline uptake in slices both non activated and activated by 25 mM K+. Thus, the present results support the possibility that the high affinity choline uptake is rate limiting and regulatory for the synthesis of ACh and has the capacity to change with neuronal activity. It seems that acetylCoA availability is regulatory for the rate of acetylation as well.
The changes in the release of DA by hypoxia are most likely due to a partial blocking of the reuptake mechanism of DA, because the uptake of DA was inhibited to a third of the control value in the case of 15 min hypoxia, as described above. As shown in Fig. 4A , when DA uptake into nerve terminals was blocked competitively by benztropine, the evoked release of DA was increased, without a significant change in the spontaneous release. The increased spon taneous Cat+-insensitive DA release may, to a certain extent, be explained by the non competitive inhibition of DA uptake caused by hypoxia. In the present study, the intra cellular free Ca2+ level was first measured as the fluorescence of the quin2-Ca complex in slices preloaded with quin2/AM. The stimu lation-induced Ca2+-influx into the slices was slightly suppressed to 78% by hypoxia after 40 min exposure. Suppression of both the Ca2+-influx and the reuptake of DA, con comitantly induced by hypoxia, seemed to have no apparent effect on the stimulation induced release of DA.
On the other hand, hypoxia induced a significant suppression in the evoked ACh release, but not in the spontaneous ACh release from striatal slices. Hypoxia also inhibited synthesis of ACh from choline in striatal slices, as was found in the rat brain exposed to hypoxia in vivo (4, 5) . This, as well as the inhibition of uptake of choline, a precursor of ACh, and Cat+-influx, may be responsible for inhibition of the evoked Ca2+ sensitive ACh release, as noted in synapto somes (8) . There is a critical difference between effects of hypoxia on DA and ACh release; i.e., the choline uptake process is rate limiting for the synthesis of ACh (20, 23) and its inhibition results in a reduction of ACh release, while the inhibition of DA uptake into presynaptic nerve terminals causes an increase in the spontaneous release of DA.
Thus, the Cat+-dependent neurotrans mitter release process itself is relatively well preserved against hypoxia.
Our findings imply that hypoxia could result in differential alterations of neural activity depending on the specific sensitivity of the presynaptic process of neurotransmission.
